Near the beginning of our just-expired century, the toxicology of that time was goaded by pioneers like Harvey Wiley, whose persistence and stubbornness helped create the U.S. Food and Drug Administration (FDA) . Wiley became the first FDA Commissioner in 1907, but he had earlier become gravely troubled by the adulteration of foods by unscrupulous or ignorant producers. While chief chemist of the U.S. Department of Agriculture, he recruited what became known as the "Poison Squad," a group of young men who consumed food treated with various chemicals to determine if they might experience adverse reactions including depression, headaches, and even more severe symptoms. Photographs taken around 1905 show them seated at dining tables, wearing coats and ties, as they valiantly consumed their tainted diets. Informed consent was not an issue at the time but probably would not have dissuaded Wiley's acolytes. They considered themselves public servants, an intriguing distinction with the current practice and ethical quandaries of paying volunteers to consume pesticides so as to change acceptable exposure standards.
Healthy young men would have been a judicious choice for poison squad subjects because, if they proved sensitive, Wiley could argue that less robust individuals might more easily succumb. There are no reports to indicate that he did so. In fact, the question of children as special targets of food additives, environmental poisons, and even drugs apparently arose much later. A distinctive label for prenatal ethanol toxicity, Fetal Alcohol Syndrome, did not appear until the 1970s (1) despite centuries of anecdotal observations. The contemporary discipline of teratology is largely a product of the shoddy behavior of the company that concealed the horrors of thalidomide, which had been marketed as a safe effective sedative during pregnancy. A worldwide epidemic of birth defects began to emerge during the 1950s and early 1960s in the babies of women who had been prescribed thalidomide. The German firm, Chemie Griunenthal that had manufactured and marketed thalidomide kept such reports secret until the evidence became overwhelming, but, by that time, the drug had claimed thousands of victims.
The United States was spared this tragedy because of the stubbornness of Frances Kelsey, who received the President's Award for Distinguished Federal Civilian Service in 1962 for denying FDA approval of thalidomide. The Kefauver-Harris amendments that same year to the Food, Drug and Cosmetic Act (2) , which had last been amended in 1938, were enacted in response to the thalidomide crisis. The amendments added a requirement for proof of effectiveness for drugs, and also required manufacturers to send reports of adverse drug reactions to the FDA.
Even after the thalidomide incident, the full dimensions of developmental toxicity remained unappreciated. The ancient metals, mercury and lead, exemplify how little recognition, until quite recently, was accorded the special vulnerabilities of children. Needleman (3) has related the lead story on many occasions, noting the recognition of lead poisoning in workers at the same time that the effects on child development escaped notice. The mercury story is equally baffling in its exclusion of children. Mercury was recognized as a poison even in antiquity. Its neurotoxic properties, in the form of mercury vapor, received labels such as "hatter's shakes," which described its propensity to induce excessive tremor, and "erethism," a collection of psychological disorders manifesting features such as being hyperirritable; blushing easily; having a labile temperament; avoiding friends and/or public places; being timid and/or shy; being depressed and/or despondent; suffering from insomnia; and suffering from fatigue.
Mercury as a potential developmental toxicant received no attention. The childhood affliction of Pink Disease, or acrodynia, which had been discussed in the medical literature earlier in the century, was typically ascribed to infectious disease. Its symptoms did not coincide at all with those expressed by adults who had been poisoned by mercury. Pink disease symptoms included: apathy and irritability; rashes and sloughing of skin; reddening of cheeks and nose; cold blue fingertips and toes; profuse sweating and hypertension; itching and/or burning sensation; photophobia and anorexia; hypotonicity and tremor; pain in extremities and paresthesias; and muscle twitches.
Not until 1947 was Pink Disease linked to mercury. Mercury appeared mostly in the form of calomel (mercurous chloride), which B. WEISS was widely used in teething powders (4 (6) . Such a statement disregards reports based on controlled clinical trials (7) (8) (9) and lacks familiarity with the kind of careful statistical analysis required to identify susceptible subpopulations (10 (14) that noted the enhanced health risks arising from the combination of developmental susceptibility and the higher relative intakes of pesticides by children. The FQPA embodied the following risk assessment issues: inclusion of an extra 10-fold safety factor for children, in utero exposures, cumulative effects of pesticides and substances with a common mode of action, aggregate exposure (e.g., food and water), and endocrine disruption.
The most controversial feature of the FQPA specifies, at the discretion of the U.S. Environmental Protection Agency (EPA), an additional 10-fold safety factor for calculating acceptable intakes for children. This attribute of the FQPA has prompted objections among many elements of the pesticide industry because it can sharply restrict sales of many products whose residues appear in foods.
The other entries in the list arise from the same apprehensions that prompted the added safety factor. In utero exposures are required because, for so many agents, as recognized by current screening and testing strategy to determine how to select chemicals for screening, how to choose the assays included in a screening battery, and the circumstances under which chemicals should be subjected to further testing. EDSTAC's targets are primarily estrogenic chemicals, however. A number of pesticides act as androgen antagonists and, in rats exposed in utero, induce signs of feminization, such as prominent nipples, in males (15) . Testing for antithyroid properties is also not projected, although such agents may pose an even greater developmental hazard than estrogenic chemicals because of the high prevalence of iodine deficiency.
Safety Factors for Children
Two opposing viewpoints have clashed over the added 10-fold safety factor. Industry groups contend that current testing guidelines already include provisions aimed at developmental exposures such as two-generation studies. Their challengers argue that the provisions are insufficient to protect children. These latter groups base their argument partly on the lack of information about variations in dietary practices, inadequate monitoring of residues, and other gaps in knowledge. But the strongest argument for the additional protection is what might be called the ecology, particularly the spatial ecology, of childhood. These include such factors as activity altitude (young children spend much time on floors; they stir up and breathe dust and residues; and exposure to dust may be 10 times greater than adults); proportionality (children consume relatively more juice, fruit, and water than adults); exploratory behavior (young children literally lead a hand-to-mouth existence); and breast milk (lipid-soluble agents can be transmitted in quantity).
Children occupy a distinctive ecological niche in a world tuned to adults. Size is important because of what might be termed the altitude factor. Children's activities take place close to ground level. Dense vapors such as mercury collect at much higher concentrations near the floor than at adult waist level. The same would be true for any volatile materials that are denser than air. With their activities, children also stir up floor dust that they then inhale. One reason that farm families and agricultural communities typically experience greater pesticide exposures than the bulk of urban dwellers (16) (17) (18) is inadvertent deposition in the home through air currents, foot traffic, and contaminated clothing. In some cities, as in the upper west side of Manhattan, New York, pesticide use also can be heavy because of attempts to eliminate vermin (19) . Lead in household dust is an example of a previously neglected exposure source that is significantly correlated with blood levels in the children (20) . One frequent concomitant of child exploration, hand-to-mouth sampling, is another exposure source that is poorly quantified. A recent survey and analysis (21) indicates that a small percentage of children may ingest much greater quantities of soil than the EPA standard of 200 mg/day.
Finally, breast milk, despite its great advantages, is also an efficient medium for transferring lipid-soluble chemicals from mothers to infants. All of these exposure sources demonstrate the futility of trying to characterize risk by reliance on a deductive sequence stretching from NOELs, to reference doses, to residue levels. The stipulations of the FQPA represent only the prelude to the more global, comprehensive analysis of exposure required for a detailed accurate assessment of risk.
Even an additional safety factor for children fails to take account of exposure spikes that may be experienced by many children. Developmental data from humans consist almost entirely of poisoning cases, probably a result of the fact that most calls to poison control centers about pesticides involve children. In Minnesota in 1988, pesticide poisonings accounted for 1,428 case files (22) . The mean case age was 5 years, and 50% of all cases were younger than 3 years of age. Insecticides in residences were identified as the source in most of the case files. In Toronto, Ontario, Canada, the Hospital for Sick Children saw 1,026 cases of pesticide poisoning in a single year, 597 of which occurred in children younger than 6 years of age. These rates are typical of poison control centers (23) . Followup observations are rare, unfortunately, even for those cases that require medical intervention. Children treated for poisoning by pesticides such as lindane and diazinon were observed by Angle et al. (24) to suffer apparently persistent neurobehavioral problems. Angle et al. (24) noted that "... there are no long-term studies of the effects of poisonings on children," and "... a provocative association ... with later intellectual deficit . but the intervening 30 years have seen no systematic attempts to explore these questions (25) . One exception to the dearth of developmental data is the novel report (26) comparing two agricultural communities in Mexico. Residents came from the same ethnic stock, but one community had adopted chemicalbased agriculture, whereas the other had rejected it. Various indices of neuropsychological development suggested that children from the traditional community proved superior on several measures.
One other factor not explicitly acknowledged by the FQPA is what we have learned from agricultural workers. Evidence of subtle neurobehavioral toxicity in adults, even at clinically silent exposure levels (27) (28) (29) has been accumulating steadily. Data verifying lingering neurobehavioral deficits in adult farmworkers after a clinically toxic exposure (30) (31) (32) (33) have also been accruing. Given the pronounced vulnerability of the developing brain to most neurotoxicants, we should anticipate that children will display even more pronounced responsiveness to the neurotoxic properties of pesticides than adults. The question might be framed in the form of a pyramid, as depicted in Figure 1 . Clinical poisoning severe enough to necessitate medical treatment occurs in a relatively small number of children. Subclinical poisoning detectable with neuropsychological testing would reveal an even larger affected population. Latent toxicity, also conceived of as silent toxicity (34), may not become apparent until additional challenges to function, such as the demands of the classroom, supervene. Another is aging.
Many investigators have suggested that the roots of some neurodegenerative diseases may be found in events that occurred during early development (35) . These authors proposed that ... Alzheimer's disease, Parkinson's disease (PD), and motoneurone disease are due to environmental damage to specific regions of the central nervous system and that the damage remains subclinical for several decades but makes those affected especially prone to the consequences of age-related neuronal attrition.
One source of support for such suggestions is the relationship between a history of pesticide exposure and PD. In some parts of the brain, cell numbers dwindle with age. The change is especially noticeable in the substantia nigra (SN), an area in the subcortical collection of nuclei known as the basal ganglia. (37) showing no difference in concordance rates for PD in monozygotic and dizogotic twins 60 years of age and older.
One possible explanation of the association is an acceleration of natural cell loss in SN induced by pesticide exposure, as shown in Figure 2 . It compares the rate modeled on published data (38) These consequences are depicted in Figure  3 . The rate of onset of PD rises steeply with age. The baseline curve plots representative data from a U.S. urban community (39) . The other two curves show equivalent rates of rise but are displaced by 5 Age (years) Figure 2 . Cell numbers decline with age in several areas of the human brain. In the SN, the decline seems to progress throughout life (38) . Slight 
IQ Loss in Advantaged and Disadvantaged Communities
If the two populations were to be compared by broader criteria, the message might be different. Figure 4 compares With population sizes of 100,000 each, as shown in Figure 4 , a loss of 1 IQ point in the advantaged population increases the number of individuals below 70 from 2,280 to 2,660. In the disadvantaged population, the loss assigns 17,530 rather than 15,870 individuals to the below-70 category. Although the proportional shift is greater in the advantaged population (16.7%) than in the disadvantaged population (10.5%), the number of individuals added to the developmentally disabled category is much larger in the disadvantaged population (1,660) than in the advantaged population (380). The discrepancies enlarge with greater IQ losses, which could result from higher neurotoxicant exposures. One result is that expenditures arising from increased demands for remedial education in the disadvantaged community would also greatly exceed those in the advantaged community. Figure 5 shows one perspective on the multitude of stressors acting on disadvantaged communities. It depicts how an array of challenges to optimal development, none of which by itself exerts a large effect, might combine to create a pronounced depression of functional potential as measured by IQ score. For this conceptual model, the sizes of the entries and their overlaps do not represent actual data. The chart is designed only to underscore the point that individual risk factors, none of which alone might exert conspicuous influence, can jointly effect marked changes in developmental potential. Joint actions might take many forms; additivity is one possibility, synergism is another.
Degraded intellectual potential is only one facet of how environmental stressors can interfere with neurobehavioral development. The Rochester Longitudinal Study (43) followed a cohort of children, beginning at birth, to ascertain the influence of maternal psychopathology, primarily schizophrenia, on developmental outcome. They included other potential risk factors, as well, in their analyses ( Figure 6 ). The unexpected message from their data led the authors to condude that the number of risk factors, rather than any specific factor, determined outcomes such as IQ and social competence. Figure 6 depicts effects on measures of IQ and social-emotional competence at 4 years of age. Individually, each risk factor contributes a small amount of the total variance averaging about 4%, about equivalent to a 10-pig/dL increment on blood lead level. Their cumulative effect, as shown in Figure 6 , can be dramatic.
Sameroff et al. (43) did not include neurotoxicant exposure as a risk factor, although some portion of their study population inhabited housing with high levels of lead in paint and dust (20) . The trends depicted in Figure 6 indicate that neurotoxicant exposure might well exert a greater effect in combination with other risk factors of the type listed in Figures 5 and 6 than in isolation. Figure 4 shows that the home and community environment exert an enormous influence on the outcomes of neurotoxic exposures.
A second method to illustrate the way in which different stressors, including toxic exposures, might influence development is shown in Figure 7 . The uppermost curve depicts the normal trajectory of development. Add exposure to a neurotoxic substance and development proceeds at a lowered rate and 0 cv 25 Number of risk factors Figure 6 . Charts modified from a report on the Rochester Longitudinal Study (43) . Two end points are shown for children tested at 4 30 years (1964-1994) with the same smoking rates * for 30 Figure 8 . They show that a relatively small shift in IQ can produce substantial effects on a number of social indices.
Herrnstein and Murray (48) never mentioned the contribution of environmental contaminants such as lead to IQ scores. For the environmental health sciences, the ironic counterpoint is its implied message that determined efforts to reduce exposures to lead, PCBs, and other developmental neurotoxicants have inadvertently promoted social benefits beyond our original expectations based on improved health. We can also inspect the mirror image of those data to calculate the massive costs of failure to act on behalf of environmental protection for children.
We have only begun to grasp the breadth of challenges that chemical contamination of the environment poses to the developing brain. Although we finally grasped the extent of hazards arising from lead exposure, we became complacent about modern chemicals, such as pesticides, because their contributions to our lives were striking and transparent. Their shortcomings proved elusive because they were subtle enough not to be immediately apparent; moreover, we simply did not understand how to ask the proper questions about their toxicity. Recall the struggle to document the dangers of smoking. Or the astonishment provoked by Carson's Silent Spring (50) and the attacks on hypotheses advanced in Our Stolen Future (51) . We certainly will discover new threats unforeseen by our current knowledge that likely will take the form of an unraveling puzzle.
A provocative statement about lead from the report by the Centers for Disease Control (52) opportunities it affords and in how it determines social class. Even more broadly, it awakens questions about the structure of society, about its economic potential, and even about the processes of aging. The title of this paper encompasses only the first step in our exploration of children's health and its implications.
